I. INTRODUCTION
Hygiene in hospitals and practices is of major concern due to increasing numbers of bacteria developing resistance against antibiotics and due to decreasing numbers of newly released antibiotics. 1 contamination is one of the primary issues.
2 Since handpieces, contra-angles or dental are required to avoid the transmission of microorganisms not only from one patient to the other but also from/to the user. The autoclaving process is a well-established and proven method for disinfection ABSTRACT: Cold atmospheric plasma produced by a surface micro discharge (SMD) device Enterococcus mundtii inoculated and dried on stainless steel and dental handpieces. The novelty of this approach can be explained by the used setup incorporating a circular plasma system. The circular plasma system produces reactive plasma species, which are transported through the narrow cavities of a dental handpiece into a separate treatment chamber and which are subsequently recycled and transported back plates inoculated with E. mundtii were placed in the treatment chamber and treated with plasma. The results show that a 5 log reduction in bacterial number can be achieved within only 15 min of plasma treatment time, although the plasma species had to pass the narrow channels of the dental handpiece before entering the treatment chamber. First results with E. mundtii inoculated directly on the outer side of the dental handpiece showed a 2 log reduction within 15 min of plasma application. Further investigations targeting this latter issue are nevertheless necessary to investigate the plasma treatment time to achieve full disinfection also on dental handpieces.
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and sterilization and used for disinfecting/sterilizing dental equipment. However, there are handpieces, contra-angles or dental turbines that do not withstand the autoclaving process without changes or alterations. It was reported that if the number of autoclaving 3, 4 In addition, the autoclave treatment is time consuming and therefore cannot be carried out within the pause of patient change. Therefore, alternative methods for disinfecting and/or sterilizing dental equipment are needed.
The use of cold atmospheric plasma (CAP) a partly ionized gas, could function as a possible option for the disinfection/sterilization of dental equipment.
5-8 CAPs consist of charged particles (electrons and ions), excited atoms and molecules, reactive species, and photons. In previous investigations, it was demonstrated that CAPs are bactericidal, used plasma device and the produced plasma. [9] [10] [11] investigations are still needed to identify which of the produced species in the respective plasma are responsible for the reported inactivation mechanisms. Up to now it is believed that the produced reactive species are the main players for inactivating microorganisms. 12 It was furthermore shown that CAPs can be designed in such a way that no damage is induced to healthy tissue (for example see Isbary et al. 13 ). This means that it is possible to minimize the damage to materials if appropriate parameters are used for the plasma production.
In this paper, we propose that CAPs are a suitable method for disinfection of dental on Enterococcus mundtii inoculated on stainless steel in a newly developed circular plasma system incorporating a plasma box with two surface micro-discharge (SMD) plasma system is that the reactive species produced in the plasma box are transported into the treatment chamber by passing the narrow channels and cavities of a dental handpiece and are then transported back into the plasma box for recycling. This so-called within the volume of the system.
of Enterococcus mundtii inoculated on stainless steel were placed in the treatment cham-E. mundtii inoculated on the outer side of the dental handpiece was analyzed.
II. MATERIALS AND METHODS

A. Circular Plasma System
In Fig. 1 , the used experimental setup is shown. The circular plasma system consists of All components are connected by plastic tubes 6 mm in diameter. In this experimental system, the gas is cycled and no gas exchange between the plasma gas and the ambient A u t h o r P r o o f air takes place. For the CAP source, two SMD electrodes with a coaxial structure were used. A stainless-steel mesh electrode with a spring shape is covered by a quartz tube 1-mm in thickness. The quartz tube is surrounded by a copper tube. The length and inner diameter of one electrode are 10 cm and 1 cm, respectively. Between the mesh electrode and the copper tube, high voltage of 6.4 kV pp at 10 kHz is applied using a high voltage produced on the side of the mesh electrode. The typical power consumption for two electrodes is ~3.7 W.
As already stated, the plasma gas is transported from the SMD electrodes to the treatment chamber with a size of ~340 cm 3 by a pump. In the treatment chamber, the that the plasma gas has to pass through the channels of the dental handpiece. As shown -ment, two stainless-steel (V4A) samples (5 mm-30 mm) inoculated with E. mundtii were placed in front of the gas exit of the handpiece. Please note that the plasma gas the treatment chamber.
-
FIG. 1:
piece and two stainless steel samples inoculated with bacteria are shown. The white arrows show A u t h o r P r o o f system reached ~90% whereas the ambient atmosphere was ~40%-50%. After passplasma system has a volume of ~1300 cm 3 . Due to the size of the setup, the plasma species are not instantly distributed within the whole system. As ozone is one of species produced by SMD plasma, the ozone conwithin the system. 14 For the ozone measurement, a small chamber of 60 cm 3 equipped with quartz windows was inserted in between the SMD electrodes, i.e., the plasma box and the treatment chamber. The ozone concentration was measured by absorption specexperiments. As shown in Fig. 2 , it takes approximately 5 min to reach a steady state concentration of 800-900 ppm. Because the ozone is not quenched and therefore is present throughout the measurements, the main plasma products produced by these two SMD electrodes are reactive oxygen species.
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B. Microbiological Samples
As mentioned, stainless steel was chosen as a carrier material for the bacteria because it is one of the main materials used for dental handpieces or turbines.
Preparation of the bacterial samples, plasma treatment and recovery of bacteria: 1. Preparation of a master suspension using E. mundtii (ATCC 43186, DSM 4838)
FIG. 2: Time evolution of the ozone concentration in the circular plasma system
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in Ampuwa. The density of bacteria was set to ~10 8 bacteria/ml. 2. 10 μl of this master suspension was subsequently spread on a stainless-steel sample as shown in Fig. 3(a) and dried for 30 min in the ambient air under the safety workbench. 3. Immediately after the drying process, the samples were placed in the treatment chamber of the circular plasma system as shown in Fig. 1 for the plasma treatment. 4. The stainless-steel plates inoculated with dried bacteria were positioned in front species inside the handpiece is the same as that in the treatment chamber as soon as the steady state is reached after 5 min (see Fig. 2 ). 5. After the plasma treatment, the stainless-steel samples were added to 5 ml of Ampuwa and vortexed for 1 min. This was followed by a 30-min ultrasonic treatment and another vortexing period of 1 min. 6. After repetition of point 5, another 5 ml of Ampuwa was added. 7. To evaluate the number of survived bacteria, 100 μl of the recovered suspension were placed on agar plates. 8. The agar plates were then incubated for up to 16 hours at 37°C. 9. After incubation, the number of colony forming units (CFU) was counted to evaluate the log reduction. A similar protocol was carried out for the inoculation of bacteria on the dental handpiece itself. In this case 10 μl of the bacterial master suspension was injected onto the head of the handpiece. As shown in Fig. 3(b) , the surface of the handpiece is very hydrophobic. After the injection, the handpiece was placed in the ambient to dry for 30 min under the safety workbench.
According to our test results (Fig. 4) , the detection limits in log reduction of the used bacteria were 5 and 4 for the stainless-steel samples and the dental handpiece, respectively.
III. RESULTS AND DISCUSSION
In this study, the inactivation of E. mundtii inoculated on stainless-steel plates and dental handpieces using a circular plasma system incorporating two SMD plasma electrodes, reduction of E. mundtii inoculated on stainless-steel plates and dental handpieces as a function of the plasma treatment time at 90% relative humidity.
For the stainless-steel plates, a 5 log inactivation was reached within 15 min of plasma treatment. Please note that a 5 log reduction represents the detection limit for this experiment. After 15 min of plasma treatment the experimental results showed that not a single bacterium survived the treatment. During the performed experiments, the plasma A u t h o r P r o o f gas was at room temperature with a relative humidity of ~90 %.
1. For plasma treatment times of up to 2 min, no inactivation of E. mundtii is where 5 min of plasma treatment is necessary until the ozone is distributed homogenously in the circular plasma system. Thus, it is clear that for treatment times of up 2 min, the concentration of produced reactive plasma species is still too low to inactivate bacteria. 
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distributions of bacteria on the stainless steel plates. As shown in Fig. 3(a) , the bacterial suspension was not distributed fully homogeneously on the stainlesssteel plates during the preparation. Thus, the incolculated bacteria can partly form multiple layers on the stainless-steel plates. This stacking of bacteria could plasma species to deeper layers of bacteria is hindered.
achieved, as shown in Fig. 5 . Within a plasma treatment time of 15 min, less than 2 log inactivation was observed. This can be explained by 1. an increased probability of stacking, i.e., by multiple layers of bacteria due to the hydrophobic nature of the dental handpiece [see Fig. 3(b) ]; 2. an increased roughness of the dental handpiece, which can lead to lower in 16 -ment time for achieving the state of disinfection and to understand the factors which in oculated on stainless steel can be obtained with the circular plasma system within 15 min of treatment time. Based on these results, one can conclude that the produced plasma species are able to pass the small channels and cavities of the dental handpiece E. mundtii on stainless relative humidity of 40%-50%, and in this case the surrounding air was used. The humid data is in accordance with previously published results and clearly show that higher log reductions are obtained for higher humidity. It is well known that a change in the humidity alters plasma chemistry drastically.
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It was further reported by Hähnel et al. 18 that a higher relative humidity had a higher Bacillus spores using a dielectric barrier discharge plasma device. hydroxyl radicals. the plasma production was separated from the treatment chamber by a certain distance.
midites in our setup is H 2 O 2 in the inactivation of bacteria.
IV. CONCLUSION
In this paper, we investigated the capability of indirect CAP treatment for disinfection 
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of stainless-steel plates and dental handpieces. The newly developed circular plasma system consists of two SMD electrodes, a treatment chamber, a pump, and a humidithrough the narrow cavities of a dental handpiece into a separate treatment chamber. From this treatment chamber, the species are transported back to the plasma electrode.
The results on stainless steel showed a 5 log inactivation of E. mundtii within 15 min of the plasma treatment. Results on dental handpieces were less promising and showed lower inactivation of up to 2 log within 15 min.
The data obtained within this study show that the plasma species produced by plasma specie concentrations are built up in the treatment chamber for achieving fast disinfection of E. mundtii inoculated on stainless steel. From this study, we therefore conclude that CAPs could serve as an alternative method for disinfecting small chan--of dental equipment are needed to evaluate the necessary plasma treatment time for achievement of disinfection.
